.
Introduction
Gastric cancer is the fourth most common cancer and second leading cause of cancer-related deaths worldwide [1] . It has been estimated that there were 21,000 new cases of gastric cancer and 10,570 deaths from gastric cancer in the United States in 2010 [2] . Most patients in the U.S. present with locally advanced disease in which the tumor penetrates the muscularis propria and/or involves the perigastric lymph nodes at the time of diagnosis [3] . Surgical resection remains the only curative option for gastric adenocarcinoma. However, locoregional and systemic recurrence rates remain high, and ten-year overall survival (OS) rates after resection with curative intent range from 3-42% for advanced disease [4] [5] [6] . Given the high rates of recurrence after resection, the additional use of adjuvant chemotherapy and radiation therapy (XRT) has been investigated.
In 2001, the US Intergroup study (INT-0116) demonstrated an improvement in OS for patients with stage IB through IV (M0) gastric cancer who underwent resection followed by adjuvant 5-FU-based chemotherapy and XRT compared with patients who underwent surgical resection alone [7] . Based on these results, this adjuvant therapy regimen became the standard of care for resectable gastric cancer in the U.S. A retrospective observational study using the Surveillance, Epidemiology, and End Results (SEER)-Medicare database reproduced these findings, demonstrating an improvement in OS for patients with gastric cancer who received adjuvant chemoradiation therapy [8] .
In the INT-0116 trial, a D2 lymph node dissection (resection of regional lymphatics and perigastric lymph nodes (LNs), as well as LNs along the named vessels of the celiac axis) was recommended in all patients. However, only 10% of patients actually received this level of nodal clearance. In fact, 54% of patients underwent a D0 resection (gastrectomy with incomplete resection of the N1 nodes) [7] . This calls into question whether adjuvant chemoradiation therapy was associated with improved disease-free survival (DFS) and OS in this trial by decreasing locoregional recurrence in patients who underwent an inadequate lymph node dissection (LND). In a post hoc analysis of INT-0116, there was no significant evidence that chemoradiation failed to work in the D2 subgroup; however, with only 54 patients in this group, the authors acknowledge that the power of this analysis was very low [9] .
The primary aim of this study, therefore, was to evaluate whether the survival benefit of adjuvant chemoradiation therapy persists in patients undergoing gastrectomy and extended lymphadenectomy by using a large, national database that could provide significant statistical power to detect a survival difference.
Materials and Methods
A data set consisting of patients with gastric adenocarcinoma was created through a query of the SEER database. SEER is an authoritative source for cancer incidence, survival, and prevalence encompassing approximately 28% of the United States population [10] . The SEER program collects demographic information (e.g., age, gender, and race) and clinical information (e.g., primary tumor site, tumor histology, tumor grade, stage, treatment, and survival) from 17 cancer registries across the United States. Stage information from the SEER database was converted to the American Joint Committee on Cancer 6th edition (AJCC) tumor node metastasis (TNM) criteria.
All patient records in the SEER registry from 1988 to 2007 with surgically resected gastric adenocarcinoma were queried (n = 78, 511). Patients in whom gastric adenocarcinoma was not the primary malignancy or patients who lacked a histologically confirmed diagnosis of gastric adenocarcinoma were excluded from analysis. Patients with gastric lymphoma, gastrointestinal stromal tumors, or other gastric malignancies were excluded. In addition, those patients who had incomplete clinicopathologic information, metastatic disease, or who had undergone preoperative or intraoperative XRT were excluded.
Statistical analysis was performed using a Cox regression model with gender, race (categorized as white, black, and other), age, number of LNs resected, AJCC stage of disease, and radiation status as covariates. The primary and secondary outcome measures were OS and DSS, respectively. Kaplan-Meier methods and the log-rank test were also used to compare survival between patients who did or did not receive adjuvant XRT according to stage and extent of LND. For purposes of statistical analysis, the number of LNs resected was subdivided into groups of <15 LNs, 15-25 LNs, and >25 LNs. Age was dichotomized to ≤60 years and >60 years of age. All P values were two-tailed tests, with alpha of 0.05.
The Vanderbilt Institutional Review Board (IRB) was contacted regarding this study; however, because the data from SEER is de-identified prior to release to our institution, no formal IRB approval was required.
Results
A total of 15,060 patients met the inclusion criteria. Of these, 3,208 (21%) received adjuvant XRT after gastric resection and 11,852 (79%) underwent gastric resection alone. Patient characteristics are shown in Table 1 . Several statistical differences between patient populations were identified. Patients of younger age (≤60), male gender, and higher stage tumors were more likely to receive adjuvant XRT (P < 0.001). Patients who had ≥15 LNs removed were also more likely to receive adjuvant XRT (P < 0.001).
Kaplan Meier survival analysis demonstrated a significant 5 year OS benefit of adjuvant XRT when compared with surgery alone for all patients with AJCC stage IB (P = 0.002) and higher (P < 0.001). Median OS among patients with stage IB, II, IIIA, and IIIB gastric cancer who received adjuvant XRT was 65, 34, 23, and 19 months, respectively, compared with 54, 21, 14, and 11 months, respectively, for patients who underwent surgery alone. These results are summarized in Table 2 . Five year DSS was also improved for patients with stage II and higher who received adjuvant XRT (P < 0.001). Median DSS for patients who received adjuvant XRT with stages II, IIIA, and IIIB was 41, 24, and 20 months, respectively, compared with 26, 17, and 12 months for patients who had surgery alone.
An extended LND was also associated with improved OS by Kaplan Meier analysis. Median survival was 34 months for patients who had >25 LNs resected, 27 months if 15-25 LNs were resected, and 25 months if <15 LNs resected (P < 0.001). Five-year OS was 38% when >25 LNs resected, 33% with 15-25 LNs resected, and 31% if <15 LNs were resected (see Figure 1) . Median DSS was also improved with a more extended LND: 45 months for patients with resection of >25 LN, 34 months for 15-25 LNs, and 32 months for <15 LNs (P < 0.001) (Figure 2) .
By Cox multivariate regression analysis, adjuvant XRT was independently associated with improved OS (HR 0.67, CI 0.64-0.71) and DSS (HR 0.69, CI 0.65-0.73) in patients with stages IB through IV (M0) undergoing resection for gastric cancer (see Tables 3 and 4 Additional variables that were independently associated with improved OS and DSS included female gender (P < 0.001), race other than black (P < 0.001), younger age (≤60) (P < 0.001), and lower tumor stage (P < 0.001) as shown in Tables 3 and 4 .
Discussion
The primary aim of our study was to determine whether adjuvant radiation therapy provides a survival benefit specifically to patients who have undergone an extended lymphadenectomy. To answer this question, we used data from SEER, a large, national database statistically powered to detect differences in OS and DSS. Using a multivariate analysis of over 15,000 patients, we demonstrate that an OS and DSS advantage persists in patients receiving adjuvant XRT even in the subgroup who have undergone an extended LND (>25 LN). The strength of this analysis lies in the inclusion of a large number of patients who underwent extended lymphadenectomy (N = 1, 565). Although a subgroup analysis of patients who underwent D2 resection in INT-0116 was performed, the analysis was underpowered due to the small number of patients studied (N = 54). The extent of lymphadenectomy accompanying gastrectomy remains controversial. An extended LND is thought to decrease locoregional recurrence and provide more accurate 9554 6749  4819  3620  2854  2326  1898  3545 2525  1762  1299  988  784  634  1565 1166  820  633  498  405 staging information. Although Japanese series have consistently shown a significant survival benefit with D2 LND, two large European randomized controlled trials, the Dutch Gastric Cancer Trial (DGCT) and the UK Medical Research Council (MRC) trial, failed to demonstrate this benefit [11] [12] [13] [14] [15] [16] [17] . In both of these trials, the morbidity and mortality of patients who underwent a D2 LND was significantly higher than patients who underwent a limited (D1) LND [17, 18] .
However, a subset analysis of DGCT found a survival benefit of D2 LND for stages II and IIIA, a finding also demonstrated by a large, prospective German trial [16, 19] . Furthermore, a subset analysis of the MRC trial demonstrated superior survival for patients who underwent a D2 LND without splenectomy or pancreatectomy, indicating that the high-operative mortality may have masked the survival benefit of a D2 LND [17] . Retrospective reviews in the USA using SEER and the National Cancer Database have similarly demonstrated an improved OS after extended lymphadenectomy for patients with stages II-IV gastric cancer [20, 21] .
The long-term results of DGCT have been recently released and indicate that D2 lymphadenectomy is associated with reduced locoregional recurrence rates and improved DSS, and the authors therefore recommend a modified spleen-preserving D2 lymphadenectomy [6] . In addition, the National Comprehensive Cancer Network (NCCN) has recently modified their recommendations to include a D2 lymphadenectomy for patients with resectable gastric cancer [22] .
The D level of a lymphadenectomy is defined by the Japanese Research Society for the Study of Gastric Cancer (JRSGC) based on the location of the primary tumor in the stomach and the level of regional lymph node station involvement [9] . However, the number of lymph nodes removed can also be used to approximate the extent of LND. According to the Japanese literature, a radical lymphadenectomy corresponding to a D2 resection consists of removal of 26 or more nodes [23] . In a Korean study of 990 patients who underwent curative resection with negative margins and D2 lymphadenectomy, 87% of patients had >25 nodes resected [24] . In the Dutch randomized trial comparing D1 and D2 lymphadenectomy, the median number of nodes removed was 17 and 30, respectively [16] . This suggests that a D2 lymphadenectomy correlates with resection of approximately 25 or more LNs. Thus, when the anatomic nodal location is unknown, the level of LND (D1 or D2) can be approximated using the total number of resected LNs. It was necessary to use this definition in our analysis, as SEER data consists of the number of LN removed but does not include information about anatomic nodal stations.
In this study, we also found a survival benefit of adjuvant XRT after surgical resection in patients with stage IB through stage IV (M0) gastric cancer. Median survival improvement ranged from 8 months to 13 months depending on stage. These findings correspond to and confirm the results of the INT-0116 trial, which showed a 9 month median survival advantage with the use of adjuvant XRT and 5-FU [7] .
Additionally, our study shows that a more extended LND in-and-of-itself results in improved OS and DSS with the survival benefit increasing as the extent of lymphadenectomy increases. These findings suggest that patients with gastric cancer should undergo a margin negative resection with an extended (>25 nodes or D2) lymphadenectomy and confirms that adjuvant radiation therapy is an important component of their treatment.
There are several limitations to this study. First, data on the use of chemotherapy is unavailable for analysis using International Journal of Surgical Oncology 5 International Journal of Surgical Oncology the SEER database. Although adjuvant 5-FU chemotherapy and XRT was the standard of care during the study period, it is certainly possible that patients may have received an alternative adjuvant regimen. Some patients may have undergone surgery/5-FU only or surgery/XRT only. As these are not standard adjuvant therapy regimens, it is likely that the number of patients falling into these categories is low. In one study using SEER-Medicare data in which chemotherapy use is known, fewer than 15% of the 2,333 patients received surgery and either chemotherapy or radiation alone [8] .
Further, the MAGIC trial, which demonstrated a benefit of perioperative chemotherapy was published in 2006, so it is unlikely that a significant proportion of patients received chemotherapy alone outside of a clinical trial during the dates of this study [25] . SEER data also does not include information about local or distant recurrence; therefore, disease-free survival (DFS) cannot be determined. Additionally, there is no information about margin status after resection or about the dose or details of the radiation administered.
Conclusions
In summary, this study supports the use of adjuvant XRT in the treatment of gastric adenocarcinoma, as it appears to improve OS and DSS in patients with stage IB-IV (M0) gastric cancer. More importantly, our findings demonstrate that the survival benefit of XRT persists regardless of the extent of lymphadenectomy. This suggests that the benefit of XRT is not simply a mechanism to compensate for inadequate surgical clearance of disease, but is in itself critical for achieving locoregional control. Future prospective studies should include the use of adjuvant XRT and extended LND as independent variables to validate these findings.
